One arrangement would be 32 radiators fed from eight SP4T switches, which W. E. Morrow, Jr. used to illustrate the idea. Number the radiators consecutively around the circle from 1 to 32. The arms of the first switch are connected to elements 1, 9, 17, and 25; those of the second switch to 2, 10, 18, and 26, etc. The switches are fed in parallel through an 8-way power divider and one arm from each is turned on. When the first arm of each is turned on, radiators 1 through 8 are illuminated. The beam is step scanned 360°/N, 11-1/4° here, by turning radiator 1 off and radiator 9 on; that is, switch #1 switches from its first to second arm. Then the second switch operates, and so on. Mechanically the switches may be stacked one above the other and each turned 11-1/4° with respect to the one above (and below) it, as may be inferred from Fig. 1 . Two principal features of the commutator and circular array idea are:
(1) The signal goes through only one stage of switching.
(2) There is an economy of hardware in that of the 32 radiators giving 32 beam positions, 8 are used at a time. All switches are used all the time.
The commutator arrangement described here would excite the M simultaneously-fed radiators in phase, provided the line length from the power divider input to all radiators was the same. Furthermore, as will be shown later, the phase (and amplitude) excitation for one adjacent set of radiators holds for any adjacent set.
II. PHASE AND AMPLITUDE CONTROL
For many applications, probably including a spin-stabilized satellite, in-phase excitation is not the best choice. A phase and amplitude control scheme will be described which is especially suited to a small number of radiators illuminated at a time. It is similar to one proposed by Dr. A. A similar procedure occurs when switch B turns radiator 2 off and 6 on.
Thus, while the individual states of a, b, c, and d must change back and forth between 0 and A, at any instant two adjacent elements must be 0 and the other two A. The input impedance to the power divider remains constant, except during switching. Furthermore, the beam shape and gain are independent of beam direction. Now if more than four radiators are excited at one time so that more than two excitation phases are required, the phasing system gets more complicated. But it could be shown that the input impedance and the effects of mutual impedance on phasing element requirements remain independent of beam direction. The scheme drawn in Fig. 2 for four switches and six throws per switch could be described in more general terms. This will not be done here.
III. MULTI-THROW SWITCH
Dr. Assaly's original multi-throw switch had four throws. He is currently building an 8-throw unit by stacking two SP4T units (with dimensional modifications). Only one arm of the eight is turned "on" at a time. Similarly, it should be possible to stack two 3-throw units to make a SP6T switch, or perhaps this can be built with one layer of arms.
IV. SUMMARY OF CHARACTERISTICS OF COMMUTATOR AND PHASING SYSTEM
Some numerical properties, including antenna dimensions, of the commutator and phasing scheme are tabulated in Table 1 The phase elements -a, b, c, and d -might simply be diodes placed across the arms of the power divider along with appropriate series reactances and shunt susceptances. Two adjacent diodes would be forward biased and the other two reverse biased. The forward and reverse biased transfer admittances would be designed to give the desired amplitude and phase relations between the two states.
The system described here should have an increase in gain of about 2 db over L.ES-4. This is broken down as follows: The expected improvement in pattern directivity is about 3 db. Since there is one stage of switching both here and in L.ES-4, the attenuation due to switching should be the same. The
The diodes for phase correcting plus the additional length of waveguide in this scheme should add no more than one db of attenuation, leaving a net improvement of 2 db. This system should give some continuity of signal during switching because at least three (out of four) elements are always on, and of these three, the phases of two remains constant at switch-over. Whether a 2 db improvement in LES antenna gain is worth the added weight and complexity depends on whether the 2 db are needed and whether they can be more readily obtained through improved transmitter efficiency or more power from solar cells.
VI. CIRCULAR ARRAY OF 40 RADIATORS
A larger version of the switching and phase correcting scheme not intended for LES-5 or 6 is Case #11 in Table 1 , 40 elements fed five at a time requiring five 8-throw switches. On account of the larger radius for 40 elements, the center three elements could be fed in phase with only a 23-1/2° aperture phase error in the direction of the beam. Two excitation phases would then be required, one for the center three elements, and the other for the outer two. The half-power beamwidth is 15° and the incremental scan angle is 9°.
VII. PRINCIPAL AREAS OF WORK
One principal problem area in the commutating feed is the scheme for controlling phases and amplitudes of the radiators excited, indicated in Fig. 2b .
If there is application for a step-scanned antenna of a beamwidth appropriate to four or five radiators on an arc (15° < HPBW < 35°) then development of a two-State diode waveguide element of the type shown in Fig. 2b should be worthwhile. The difficulty of the task ought to be comparable to that of making a good SPST switch, which has already been developed. As for the switching portion of the commutator, good SP4T switches have been built; SP8T switches are being built. A SP6T switch should be feasible.
The other problem area is obtaining circular polarization. I have proposed using 45° vanes to give 45° linear polarization (Fig. 3) and then horizon tal plates to act as a quarter-wave plate circular polarizer. Two apparent problems in this approach are fabrication of the structure, especially the 45° vanes, and electrical reflection from the vanes and its effect on the azimuth pattern. Of particular concern is mutual impedance between the illuminated and adjacent non-illuminated portions of the cylinder in the presence of the vanes. Additional polarizing schemes should be considered.
VII. CONCLUSION
The switching and phasing scheme offers a novel commutator using multithrow switches of a type already developed in which the signal has to pass only one stage of switching and in which the input impedance and consequences of mutual impedance are independent of beam direction. 
